Background: In the last decade, research in the field of nutrition has grown both in width and depth, and has incorporated the advances of other scientific fields, like artificial intelligence theories. Specifically in the case of recommended nutrient intakes, the fuzzy theory is an interesting contribution to the development of a new concept for the recommendations. The recommended intakes have passed from avoiding deficiency status to preventing several pathological aspects and reducing risk factors. Objective: To establish whether the recommended dietary intakes for Spain (IREs) must be reviewed, taking into account the current scientific state of the art. Methods: We have compared IREs, published in 1994, with the recently published 'Dietary Reference Intakes' (DRIs) for the American and Canadian population, the 'Referenzwerte für die Nährstoffzufuhr' (DACH) for the German, Swiss and Austrian population. In addition, the main guidelines of the EURODIET criteria (Nutrition and Diet for Healthy Lifestyles), which was developed for the population of the European Union Member States, were taken into account. As an example, comparisons were made for the elderly population group, establishing differences and similarities between the different scientific communities and the adequacy of Spanish recommended intakes for energy and nutrients. Results: Recommended intakes for folate, calcium and vitamins C, D and E are lower in the IREs and probably should be increased. Recommended intakes for nutrients which have not previously been included in the IREs, such as vitamin K, selenium, copper, chromium, molybdenum, manganese, phosphorus, sodium, potassium, and water need to be developed. Conclusions: The current recommended intakes for the Spanish population need to be reviewed in order to encompass current scientific knowledge. Moreover, the opportunity to include non-nutrients (bioactive compounds) should be considered.
Introduction
Nowadays society has to stay abreast of great changes, including, assimilating and incorporating scientific advances. Specifically, research in the field of nutrition has grown greatly during the last decade.
Increased knowledge of diseases and of the dietary factors involved have led to the delineation of new functions and properties for nutrients and other components of foodstuffs. These advances suggest the necessity to review the recommended dietary energy and nutrient intakes, which are defined depending on the variables characterizing each target group of the population. This approach requires a rewriting of the traditional ones on nutrition from those based on the emphasis on deficiency diseases and a 'balanced diet' for their avoidance (DRI, 1997) . New concepts and criteria should be added to those traditionally used. Recent preliminary analyses suggest that the disabilities associated with high intakes of saturated fat and inadequate intakes of vitamins, minerals and dietary fiber, together with a sedentary lifestyle exceed the costs of tobacco use (NIPH, 1997) . Many of these aspects have recently been summarized by Ferro-Luzzi and James (2000) .
The peak of fuzzy logic and its recent development permits the study of different systems with variables submitted to changes interrelated with each other. Fuzzy logic is a mathematical approach to deal with systems that cannot be defined precisely. Nutrient requirements fall into this category (Wirsam & Uthus, 1996) . Therefore, in the field of nutrition, fuzzy logic offers a useful and applicable approach when establishing the recommended energy and nutrient intakes (Wirsam et al, 1997) . Fuzzy sets have been developed that describe the range of intakes of a nutrient, ranging from deficiency to excess, and used to establish a comparison with classical methods for estimating the optimal dietary intake (Gedrich et al, 1999) . The applicability of the fuzzy logic theory is used as an approach in order to diminish errors establishing recommended intakes for nutrients or when evaluating dietary intake data.
Therefore, the aim of the present article is to establish whether the recommended dietary intakes for Spain (IREs), dated from 1994, should be reviewed, and in this case, be a starting point for their update.
Background
Several scientific communities from different countries have re-evaluated nutritional recommendations for their respective population groups based on more current scientific knowledge. The World Health Organization has historically provided different levels of recommended nutrient intake dependent on whether the goal is subsistence -meeting minimal nutrient requirements -or whether the goal is meeting 'desirable nutrient levels' considered important for ideal health. More recently, several nations have shifted the premise of their own recommendations to include nutrient levels considered to be appropriate for good health and disease prevention. The definition of good health can vary depending on which diseases have an especially high incidence among the population and which scientists are reviewing and evaluating the strength of the data associated with the prevention or risk of the disease.
It is assumed that in some cases there is no consensus among scientists because of lack of evidence and hence there are controversial opinions.
In 1997, the Swedish National Institute of Public Health (NIPH) published a report, 'Determinants of the Burden of Disease in the EU'. In this report, the association among dietary factors, lifestyle and the incidence of different diseases was calculated and exceeded the health care costs of tobacco use. These relationships have been ciphered in at least 30 -40% of different cancers, and one third of premature (defined as before age 65) deaths caused by cardiovascular diseases and obesity (the silent epidemic of Europe). Moreover, overweight is associated with the development of diabetes, bone diseases and their consequences, including hip fractures (Anonymous, 1997) .
Also in 1997, the Food and Nutrition Board of the American Institute of Medicine and Health Canada created an Expert Committee in order to review the Recommended Dietary Allowances (RDAs) from 1989 (NRC, 1989) for the USA and the Recommended Nutrient Intakes (RNIs) for Canada from 1990 (Health Canada, 1990 , as an attempt to harmonize the recommendations for at least one continent and include scientific advances. This process had started several years before with the efforts done by several scientists in the field of vitamins (Herbert, 1987 (DRI, 1997 (DRI, , 1998 (DRI, , 2000a . The rest regarding macronutrients, trace elements, electrolytes and water, and other food components (for example, dietary fiber and phytoestrogens) will be published. In addition, apart from this expert committee, there are two subcommittees, which deal with upper reference levels of nutrients and interpretation and uses of dietary reference intakes (DRI, 2000b; Anonymous, 1997) .
Recently, and following the NIPH report of 1997, the Eurodiet group was established in Europe, with the means of unifying dietary recommendations for Europe. This group elaborated a document in the year 2000 about the general recommendations for energy and nutrients, including other parameters, such as lifestyle (Eurodiet, 2000; http://eurodiet.med.uoc.gr) In the Eurodiet group, three scientific groups completed research on the relationship among physiology, pathology, lifestyle and dietetic factors: (a) obesity, body mass index and fat intake; (b) cardiovascular diseases and antioxidants; (c) bone disease and vitamin D (Eurodiet, 2000) .
In 2000, the Reference Values for Nutrient Intake (DACH) were published in Europe for three countries: Germany (D), Austria (A) and Switzerland (CH). This is the result of the joint work between several scientific societies: the German Nutrition Society (Deutsche Gesellschaft fuer Ernaehrung, DGE), the Austrian Nutrition Society (Oesterreische Gesellschaft fuer Ernaehrung, Ö GE), the Swiss Society for Nutrition Research (Schweizerische Gesellschaft fuer Ernaehrungsforschung, SGE) and the Swiss Association of Nutrition (Schweizerische Vereinigung fuer Ernaehrung, SVE; DACH, 2000).
Scientific basis for the modification of the recommendations

General aspects
The recommended dietary intakes have been modified based on the advances in knowledge about human physiology and pathology, about the different lifestyles and their repercussions on health and about external factors, which include environmental, social, cultural and economic factors, that influence health directly or indirectly. In addition, data obtained from epidemiologically well-defined population
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M Joyanes et al studies have clarified nutrient and disease relationships (DRI, 1997; DACH, 2000) . Some of the criteria on which recommended intakes are based are classic ones, although some have a new focus, and the new ones have been incorporated in the last few years. Classic criteria depend on the person and include the physiology: sex, age, height, weight and health status (Table 1) . New criteria include the description of new functions and their connections with lifestyle: sedentary lifestyle, smoking, alcohol and frequent dieting (Table 1) . In these cases, although the influence of some factors on the requirements were already known, now for the first time they are considered separately and specific recommended intakes have been assigned (DACH, 2000) .
It is important to point out that the modifications of the recommended intakes, especially for vitamins, have changed throughout history mostly because of the description of a new function, but also because of the development of analytical methods, which permit the detection of smaller amounts of micronutrients.
Folic acid provides an example of why recommended nutrient levels have changed to incorporate scientific advances. Folate was first shown to be associated with neural tube defects (Czeizel & Dudas, 1992) . Later, when the methionine cycle was described (McCully, 1969) , with homocysteine as an intermediate product, folate was defined as an independent risk factor for cardiovascular disease (Boushey et al, 1995) . In the case of folate, which is implicated in the methionine cycle, levels of recommended intakes have doubled for both men and women from 200 to 400 mg=day (DRI, 1998; Hages et al, 1999a, b) .
It is also necessary to point out the existence of a group of substances called bioactive compounds. Recently, bioactive compounds have been identified which possess physiologic functions and=or mechanisms of action. In some cases, bioactive compounds may participate in biological processes. Recognition of the roles of bioactive compounds in physiological processes also suggests that a similar recognition of these compounds should be included in dietary guidelines. Some of these aspects have been summarized (Dittrich & Leitzmann, 1996; Watzl & Leitzmann, 1999) .
Bioavailability
Nutrient bioavailability is still not definitively defined. There are continuous advances in this research field, not only in the classic terms, but also in relation to new foodstuffs that are on the market, designed and elaborated by different methods, including new methodologies.
Interactions
Interactions between nutrients and other components can affect recommended intakes. Although food -drug interactions have been studied for years, at the present moment, the interactions between nutrients and other substances (nonnutrients) are attracting great interest. For example, nucleotides (integrated into the non-protein nitrogen fraction) interfere with lipoprotein metabolism (Boza et al, 1992) .
Factors related to foodstuffs
Regarding foodstuffs, the influence of non-nutrients over nutrients within the composition of food is becoming more important. In some cases, specific recommendations for the intake of non-nutrients have been formulated, such as choline (DRI, 1998) . Modifications in the nutritional value of foodstuffs as a consequence of technological and culinary methods must be taken into account Nutrients can be destroyed or modified, not only vitamins because of the easy oxidation and lability, but also fat and sugars (Ruiz et al, 1991) . Another important factor to be considered is nutrient density.
Foodstuff security and hygiene This is a classical field, but new aspects and concepts should be included in the safety of foodstuffs. Among others, it is especially relevant to all additives, as well as residues. Attention must be also paid to poorly known problems, which constitute a new research field, such as the appearance of prions, discovered in 1982 (Prusiner, 1982) .
Lifestyle
The importance of lifestyle factors has already been stated by other authors (James & Schofield, 1990; Pietrzik, 1991) and has now been generally accepted (DACH, 2000; Eurodiet, 2000; DRI, 2000a) . Daily physical activity, summarized in the PAL (physical activity level) index (James & Schofield, 1990; Shetty et al, 1996) , is one of the parameters which defines lifestyle. However, other aspects, like smoking and alcohol intake, are also considered. For example, in the case of Considerations for dietary reference intakes in Spain M Joyanes et al smoking, a 50% increase in the vitamin C intake is recommended (DACH, 2000; DRI, 2000a) .
Environmental factors
Among the environmental factors, is the influence of climate on energy or water needs (Grande Covián, 1993) . In addition, ultraviolet radiation influence and repercussions of oxidative processes, as well as contamination, have to be taken into account (Bray, 2000) . Another factor which must be mentioned, though it is a very controverted one, is genetic variability (Simopoulos, 1996) .
Artificial intelligence development
The field of fuzzy logic enables the design of decision systems that consider several inter-related variables. Nutrients, nonnutrients and energy intakes, for example, that depend on specific criteria and necessities, can be analyzed using fuzzy logic techniques. Different sets of variables can be considered, and the results integrated using the framework of fuzzy logic. This means that each research group can consider the variables which, in their opinion, affect the recommendations for these functions. In each specific case -here would be the nutrient, non nutrient or energy intake -each group can define, according to their criteria, the levels that they consider to be optimal and those that are not acceptable, giving them the values 1 and 0, respectively. The rest of the possibilities fall into this range. In turn each research team decides the number of variables that they want to consider. In this case, the variables are, in general: age, gender, physical activity and all factors cited above. In general, ranges and variables can be specified to determine groups, according to the specific experience of each team or the need to adapt to specific population groups. In every case, with a fuzzy logic formulation, the recommendations of different groups can be integrated.
Evolution of the concept of recommended intakes
Based on all the above, several scientific societies, such as the Institute of Medicine of the USA and Health Canada (DRI, 1997 (DRI, , 1998 (DRI, , 2000a (DRI, , 2001 , and also some European Nutrition Societies (DACH, 2000) , have met and tried to broach adequately the new state of the art. In all cases, based on scientific work, recommended intakes are calculated with all of the experimental baseline and scientific evidence. The current DRIs are not only developed to avoid deficiency states but also to permit the individual to adapt to different situations, taking advantage of the maximum potential of each nutrient. DRIs are reference values that are quantitative estimates of nutrient intakes to be used for planning and assessing diets for healthy people. They include four concepts (DRIs, 1997) 
Recommended intakes for the Spanish population
The current scientific knowledge leads to thinking about the opportunity of reviewing the recommended dietary intakes for the Spanish population (IREs), which were published in 1994. Moreiras et al (1999) proposed new recommended intake levels for the Spanish population as an appendix to their Food Composition Tables. In this proposal, age categories were changed so that older adults were unified into one group aged 60 y and older. Recommended intakes for some nutrients were identical to those previously given for adults aged 59 -69 y, while other recommended levels were those of the older than 70 y age group, but no criteria were provided to justify these changes. The elderly population of Spain is increasing and developing appropriate nutrient recommendations for this potentially vulnerable group needs to be a priority. As such, we used this group to compare the recommended intake levels of selected nutrients for the Spanish (Departamento de Nutrició n y Bromatologia I, 1994), American (DRI, 1997 (DRI, , 1998 (DRI, , 2000a (DRI, , 2001 ) as well as the German, Austrian and Swiss populations (DACH, 2000) . The results are shown in Figures 1 -4 . Table 2 compares the reference age groups for older adults used in the IREs, DRIs and DACH. There is substantial variation among the reference age group distributions used for providing dietary recommendations to the populations. The Canadian and American scientists recently chose to change the age groups for adults while developing the DRIs. Instead of a single group of adults aged 51 y and older, two groups of older adults were differentiated, those 51 -70 y of age and those older than 70 y.
There are several factors that should be considered. The elderly group is far from being a homogenous group. Nevertheless, there is no consensus among the scientific commu-
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Based on these facts, in the present article we chose the elderly group as an example in order to compare the recommended intakes for some nutrients for the Spanish (Departamento de Nutrició n y Bromatologia I, 1994), American (DRI 1997 (DRI , 1998 (DRI , 2000a (DRI , 2001 ) as well as the German, Austrian and Swiss populations (DACH, 2000) . Results are shown in Figures 1 -4 . As elderly adults are distributed in different ways, as shown in Table 2 , the results are not comparable at all.
Recommended intakes for folate and vitamin C are shown in Figure 1 . The IRE recommend an intake of 200 mg=day, while DRI (1998) and DACH (2000) recommended double that amount. This is a clear example of change due to increased understanding of the nutrient's functions. The recommended level of vitamin C is also lower in the IRE. Figure 2 compares the recommended intakes for vitamin D. The Eurodiet group has established that vitamin D deficiency is endemic in Europe, including the Mediterranean countries. In this sense, it is important to mention the studies by Moreiras et al (1992) from the SENECA study. They studied vitamin D status in 55 healthy Spanish elderly individuals by means of diet, supplements, sunlight exposure time and serum level data. Mean 25 (OH) D serum level was 25 AE 14.7 nmol=l and there was a high percentage with deficit Considerations for dietary reference intakes in Spain M Joyanes et al (13%) and marginal (62%) levels. Restricted sunlight exposure had a statistically significant influence over serum data. Recent studies in Spain including different population groups and different geographical areas, seem to corroborate the tendency for vitamin D deficiency (Aranceta et al, 2000) .
The comparison of recommended intake levels for vitamins B 1 , B 2 , B 6 and B 12 are shown in Figure 3 . The current IRE for vitamin B 1 (0.8 mg=day for men and 0.7 mg=day for women) seems too low considering current knowledge, which establishes that B 1 intake should not be less than 1 mg=day, even with a low energy intake (DACH, 2000) .
Regarding vitamin B 12 , it has been established that bioavailability decreases with increasing age, due to a reduced intrinsic factor and atrophic gastritis. Deficit B 12 status in the elderly has led to an increase in recommended levels (DACH, 2000; DRI, 1998) . The status in Spanish elderly doesn't seem to be deficient (González-Gross et al, 1990; Serra-Majem et al, 2000) . The necessity for an increase of B 12 intake in Spain may have to be evaluated.
Some vitamins are not included in the IRE (biotin, pantothenic acid and vitamin K). It is also very important to consider the recommended intakes for water for all ages. The necessity of water in relation to nutrition was well described by Grande Covián (1993) and has been considered in nutrient recommendations of European Societies (DACH, 2000) . With aging, thirst tends to diminish or even to disappear. Water needs are estimated in relation with recommended energy intakes, approximately 1 ml per kcal.
The comparison of recommended intake levels for selected minerals and trace elements is shown in Figure 4 . Calcium intakes are lower in the IRE, and the actual tendency is to elevate them. Although some groups recommend intake levels up to 1500 mg=day, the limits in absorption have to be taken into account. In this case, it is important to highlight that the recommended intakes for the UK are 700 mg=day, unusually low, based on this reasoning (Department of Health, 1991). Phosphorus is not included in the IRE. In contrast to recommended levels of other nutrients, the gender-specific IREs for magnesium do not differ substantially from the DRIs or the DACH. The specific problems with mineral and trace element recommended intakes in the elderly have been reviewed recently by Vaquero (2001) , taking into account these physiological aspects.
The US National Institute of Medicine has recently established the criteria by which the DRIs should be applied in specific population groups (DRI, 2000b) .
Conclusions
Review of the Spanish IRE is warranted to incorporate the advances in scientific understanding of nutrients and associations with disease. The problem emerges when trying to incorporate new criteria or when considering the way in which the incorporation of these new criteria can affect each recommendation. Similarly to what has occurred in other countries, an Expert Committee should be formed inviting nutritional scientists to analyze nutritional status data of the Spanish population and to formulate a new IRE consensus, taking into account the criteria mentioned throughout this article.
The age group distributions already used in the IREs should be maintained as the groupings are based on life expectancy and therefore have a wider range of specific coverage. Recommended intake levels should be revised, specifically those for folate, calcium and vitamin E, vitamin C and vitamin D due to the greater understanding of the functions and mechanisms of actions of these nutrients. Reviewing the IREs of Spain would additionally provide an opportunity to determine adequacy of nutrients previously excluded from IREs such as vitamin K, selenium, manganese, copper, chromium and molybdenum. Specific recommendations for water, carbohydrates, phosphorus, sodium, potassium, pantothenic acid, biotin and other bioactive compounds should also be included.
